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Systematic errors

NLO: JETRAD CTEQ6.1M
corrected to hadron level

0µ / 2 = JET
T = max pFµ = Rµ

-1 L = 385 pb∫

~A����� pe��� R\Z7]�^'S�R\h�ajY'cEdb^�]�abe0R fNR3X�c3S�U+]�]5]�REc3X�abUWY � ��djZWc � h'UWX�]#�2Z7]
Z8_.^�Y'c3X�abU+Y;UW_/T ������ cEU+[8T�Z7S�R\h
X�U����6�èTV¤2{|}=T'S�R\h$abc3X�abU+Y�] � `'ab]�¢X�U+x7S#ZW[z��� u `'R�]�`�ZWh'R\hO��Z7Y�h8]�`�U\yB]<X�`'R&X�UWX#Z7dV]��$]�X�RE[OZ7X�abc�^'Y�cER�S�¢X#ZWabY�XN�zUWY%X�`�R [8REZW]�^'S�R3[8REY�X\�

�.TP�hM+l:O5È�^ ��]xw�^�_:��O�f[O�Uh^:M�lYOmeyS�lY]�^Y^�^:OmS�_:TP]hQdUh^.U7��M�Q+S�_:TP]hQ
]��7�iÐ�Ñ�ÒÓ S�]�fg�+U�lYOmeµ_:] � ¥=ª �/´y£'Z ��lYOme0T¡S�_YTp]�Q+^mJ×i7��O�e�U�_YU
U�lYO�lYOR�/]hl:_:O�e*TPQÿi=U�L�NPO�§�J8i7��O×SRl:]�^:^K^ O�S�_:TP]hQ�e�OmS�lYOmU�^ O�^yL"�
fg]hlYO³_Y�+U�Q5ORTP�h��_×]�lYe0OmlY^ö]��Kf�Uh�hQ�Tp_:M+e�O¾U�^ö�iÐ£Ñ�ÒÓ TpQ+SRl:O�Uh^:Om^
��lY]hfw× Ù u�O �8Ø S�M��K_Y]�UhL|]�M0_CÔ�Õ$Õ�u�O �8Ø S�J=i7��O � ¥=ª-�/´y£'Z
��lYOme0T¡S�_YTp]�Q+^�Uhl:OyS�]�fg��M0_:O�e¤M+^ TPQ��g_Y��O �������6���½�+l:]��hl~U�f Í à0Î
w¨Tp_:�¤£'i¨�7´�Ì�J�Èms ��Z��8^�Í � È\Î\U�Q+eg_Y��O�lYORQ�]�l:f�UhNpTP�mU�_:TP]hQ�U�Q+e
��UhS�_:]�l:TP�mU�_:TP]hQj^:SmU�NPOm^ À,�	� UhQ+e �	� Â�^:O�_�_Y] � n Ç)f�U�¼ À �$Ð�Ñ�ÒÓ Â Ö ¸ J

Z
Tpk/Oml:OmQ�_
^ ]�M�lYSROm^']��=M�Q+SRORl:_YU�TPQ�_$��TpQ¤_Y��Oj_:��Om]hlYO�_YTPSmU�N\��lYO��
e0T¡S�_YTp]�Q+^jw�Oml:OgS�]�Q+^:TPe0Oml:O�e�JKi7��Ogf�U�TPQ½S�]hQ�_Yl:TPL�M0_YTp]�Q*S�]�fgOm^
��lY]hf _:��O*M�Q+S�Oml _~U�TPQ�_$�ÿ]hQ-_Y��O*��Z��8^×U�Q+e-w7Uh^�SR]hfg��M0_YOme
M+^:TpQ+�³_:�+O � Om^Y^ T¡U�Qÿf[OR_:��]0e Í ��¸ ÎDJt§°_g�xU�lYTpO�^d��lY]hf â�W:n\ôã�`�n\ô Ux_
NP]xw �iÐ�Ñ�ÒÓ V�UhQ+e â
b3ôã\q3ô ��]�l¤�$Ð�Ñ�ÒÓ U�L/]hM0_äÈWÕ'Õ�u�O ��Ø ShV�_Y] â�b:n\ôã\X n\ôUx_���Tp���³�iÐ�Ñ�ÒÓ V\e0]hfgTPQ+Ux_YOme·L"�×_:��OGNpTPfgT�_YOme·o"Q�]xw¨NPOme��hOd]h�=_Y��O
�hNPM�]�Q���Z���J8I�QÿTpQ+SRl:O�Uh^:O�]�� �	� UhQ+e �	� ��l:]�f � n _:] ¸ � nlYOme0M+SROm^9_:��O
_:��Om]hlYO�_:T¡SRUhN+��lYOme�TPS�_:TP]hQ+^�L�� ¸�û U�_�NP]xwº�$Ð�Ñ�ÒÓ U�Q+e
à û Ux_9��TP�h�g�iÐ£Ñ�ÒÓ J � UhNpM�O�^9^:Tp��Q�T�­/SRU�Q�_YNp�K^:f�U�NPNpOml�_:�|U�Q � n NPOmUhe
_:]gM�Q|^$_~U�L�NPO � ¥8ª lYOm^:M�N�_~^¨U�Q+e¤w'ORlYOjQ�]�_�S�]�Q+^:TPe0Oml:O�e�J

i7��Oµ_Y��OR]�l:OR_:T¡SRUhN���lYOme�TPS�_:TP]hQ TPQ+S�NPM+e0O�^�UÿS�]�l:lYOmS�_:TP]hQ-��U�S��
_:]�lmV1� 76468 À �iÐ�Ñ�ÒÓ Â�V¨_:�|Ux_¤Uh����lY]�¼0Tpf�Ux_YORNP��U�SRS�]�M�Q�_Y^g��]�löQ�]�Q0�
�/ORl:_:M�lYL+Ux_YTp��O�S�]�Q�_:lYTpL�M�_:TP]hQ+^���l:]�f5_Y��O�M+Q+e0ORlYNP��TPQ���Om�hOmQ�_8U�Q+e
��l~U��hfgOmQ�_~Ux_YTp]�Q�TPQ�_:] �|Uhe0lY]hQ+^mVyw¨��T¡S~� U�lYOtQ�]�_*��l:O�^ OmQ�_³TpQ
_:�+OG�/´y£'Z SmU�N¡S�M�N¡Ux_YTp]�Q À ^:OROgi.UhL�NpOG§ Â�J	� 76498 À �iÐ�Ñ�ÒÓ Â
w'U�^�Om^ �
_:TPf�Ux_YOme�VdM|^ TPQ��W�����6�����������	�	����VGUh^�_Y��O�l~Ux_:TP]-L|OR_$w�OmORQ
_:�+O¤Q+]hfgTpQ|U�N¨�iÐ�Ñ�ÒÓ�" 79468 e�TP^ _:lYTpL+M0_:TP]hQ-U�Q+eÿ_:�+O¤]�Q�O�]hL0_~U�TPQ�Ome
L"�µ_YM�lYQ�TpQ+�µ]�k�_:��O×TpQ�_YORl~UhS�_YTp]�Q+^yL/O�_$w'OROmQ���lY]�_:]�Q�U�Q+etUhQ0�
_:TP��lY]�_Y]hQºl:Omf[Q|U�Q�_Y^gU�Q|eÿ_Y��O³^ _:lYTpQ��*��l~U��hfgOmQ�_~Ux_YTp]�QÿTPQ�_Y��O
s·]�Q�_YOö£'U�lYNp]|JGi7��Og�+Uhl _Y]hQ0�D_:]h�D�+U�e0lY]hQ³S�]�l:lYOmS�_:TP]hQ¾^ ��]xw�^jU

^ _:lY]hQ+���iÐ�Ñ�ÒÓ e0Om�|OmQ+e0OmQ+S�O½U�Q+e5e0OmSRl:O�Uh^:Om^×Uh^×�iÐ�Ñ�ÒÓ TPQ+S�lYOmU�^ O�^
��lY]hf UhL|]�M0_2ÈhJ ¸ Ux_��iÐ�Ñ�ÒÓ ]h�A× Ù u�O ��Ø ShVhU�Q|e;È�J*È���]hl��iÐ£Ñ�ÒÓ U�L/]hM0_
È+Õ$Õÿu�O ��Ø S�V�_Y] È�J Õ ¸ Ux_���TP�h�5�iÐ�Ñ�ÒÓ J i7��O¾M�Q+S�Oml _~U�TPQ�_$��]�Q
� 76468 À �iÐ�Ñ�ÒÓ Â�T¡^7U�L/]hM0_8È ��û Ux_7Np]xw&�iÐ�Ñ�ÒÓ UhQ+eöe0O�S�lYOmU�^ O�^�M��×_:]
È'Ê Ì û U�_
��TP�h�·�iÐ£Ñ�ÒÓ V�U�^�e0O�_YORlYfgTpQ�O�e���lY]hf _:��O[e0T�k\ORlYORQ|S�OdL/O��
_$w'OROmQt_:�+O¤�|U�l:_:]hQ��}_Y]��°�+Uhe0lY]hQtSR]hlYl:O�S�_:TP]hQ½��U�S�_Y]hl~^d]hL�_YU�TPQ�O�e
M|^ TPQ����	���!����ÿ¾TpQ|^$_YOmUhe¤]h�;�������	���	�����	�	����J
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~A�����g� � ��Z1X�abU&}2Z1X#Z0  u `�REU7S���Z7]�ZC_�^�Y'c3X�abU+Y�UW_�T ������ � u `'R|abY�c3djUW]�R\h� x+^$S�R�R�¡'T�ZWY�h']&X�`'R�S�RExWabU+Y;T ������ � � s �%��REv2 1c+� u `�R�R3S�S�UWS5��Z7S�]� ]�`�Z+h$R\h���ZWY�h���]�`'U1yJX�`'R�X�UWX#Z7dª]�X#Z7X�ab]�X�abc\ZWd � ]��']�X�R3[OZ7X�abc1��^�Y'cER3S�¢X#ZWabY�XN�
UWY�X�`�R�h�Z7X#Zi���=� r �e w^�Y'cER3S�X#Z7ajY�X²�
U+Y�X�`'R�db^�[8abY'U+]�a�XN�%aj]Y�UWX�abY�cEdb^�h'R\h´� u `�Rz]�U+dbajh�djabY'RE]�abY�h$abc\Z7X�R8X�`�R�¡ª}2~-^�Y�c3R3S�X#ZWabY�XN�U+Y�X�`�R8X�`'REUWS�R3X�abc\Z7d¥T'S�R\h$abc3X�abU+Y�� u `'Rgh'ZW]�`'R\h�dbajY'RgT$S�RE]�REY�X�]5X�`�RS#Z7X�abU5UW_ � �£¢ u �W�W�W��ZWY�hO{ u�¤ ¤ t � p�� T'S�REh'abc3X�abU+Y']E� u `�RCh'U7X�X�R\h$¢h�ZW]�`'R\h�dbabY�R%]�`'U\yB]�X�`�ROS#Z7X�abU;UW_�{ u�¤ ¤ t � p�� T$S�R\h'abc3X�abU+Y']�yBa�X�`
¥6¦9§ ¨ ]�R3X¥X�U©� ¥�ª Z7Y�h ¥9ª �

�=Tp��M�lYO ¸ ^:��]xw�^7_Y��OGl~Ux_YTp]×e�Ux_~U Ø _Y��OR]�l:�¤Uh^�U���M�Q+S�_:TP]hQ³]h�
�$Ð�Ñ�ÒÓ J�u�]�]0e¤U���l:OmORfgORQ�_¨TP^7]�L+^:ORlY�hOmeöL|OR_$w�OmORQ×_:��OyfgO�Uh^:M�l:O�e
SRl:]�^:^7^:OmS�_:TP]hQ�U�Q+eö_:��Oj_Y��OR]�l:OR_:T¡SRUhN/�+l:O�e0TPS�_:TP]hQ+^mJ8§�Q��+U�l:_:T¡S�M0�
N¡U�l�VhQ+]K^ TP�hQ+T�­|SmU�Q�_�e0Om��T¡Ux_YTp]�Qg��l:]�f _Y��O��/´y£'Z&��lYOme0T¡S�_YTp]�Q�TP^
]�L+^:ORlY�hOmeGUx_9��TP�h�[�iÐ�Ñ�ÒÓ J8II« W _YOm^ _mV�w¨��ORlYO¨U�NPN"_:��O�^ �0^ _:ORf�U�_:T¡S
M+Q+S�Oml _~U�TPQ�_YTpO�^=]hQG_:��O�e�U�_YUjU�lYO7S�]hQ|^ T¡e0ORlYOmeKTpQ|e0OR�/ORQ+e�ORQ�_�L�M0_
��M+NpNP�µS�]�l:lYORN¡Ux_YOme³U�S�lY]�^Y^
e0Tpk\ORlYORQ�_y�iÐ�Ñ�ÒÓ L�TPQ+^yUhQ+e·_Y��OgM�Q+S�Oml �
_~U�TPQ�_$�µ]hQ�� 76468 T¡^dU�N¡^:]·TpQ+SRNpM|e0Ome�V=�hTP�hO�^yU�«.Wg�+l:]�L+U�L�TPNPT�_$�
]h��×iÌ û J·§�QÿU�e�e0Tp_:TP]hQ�V��=TP�hM�lYO ¸ ^:��]xw�^j_Y��Oöl~Ux_YTp]·L/O�_$w'OROmQ
�\´y£'Z��+l:O�e0TPS�_:TP]hQ+^.M+^:TpQ+��s³¢ { i ¸ Õ'Õ Ù Í �$� Î�UhQ+e[£'i¨�7´�Ì�J�Èms
��Z��-^:O�_~^RJ�i7��T¡^�S~�+U�Q���Om^7_Y��OK�\´y£'Z ��lYOme�TPS�_:TP]hQ·L"� \ È+Õ û
U�_�NP]xw��iÐ�Ñ�ÒÓ UhQ+e 0 È0× û Ux_j��TP�h�µ�$Ð�Ñ�ÒÓ V�w�OmNpN=TpQ|^ T¡e0OG_:��O[_:�+OR]��
lYO�_YTPSmU�N�UhQ+eöOR¼0�|Oml:TPfgORQ�_YUhN�M�Q+S�Oml _~U�TPQ�_:TPOm^mJ

i7��O'S�]hfg��NPO�_YO'UhQ+U�NP�0^ T¡^�w7Uh^.lYOR�/OmUx_YOmeyM|^ TPQ���e�T�k\ORlYORQ�_8��UhN��
M+Om^j��]�ly_:��O¬2Á�|U�l~U�fgO�_YORlyTPQ½_:��O�o Ó U�NP�h]�l:Tp_:�+f À 2 ÇþÕ´Ê�×
UhQ+eH2 ÇßÈ$Ê Õ�Â
Í ¸ Ë�ÎDJ×§�QtL|]h_:��SRU�^ O�^RV
�h]"]0e¾Uh�hlYOROmf[OmQ�_jw7Uh^
Uh��UhTpQ×]hL+^:ORlY�hO�e�L/O�_$w'ORORQ×_:�+Oyf[O�Uh^:M�lYOmeöSRl:]�^:^7^:OmS�_:TP]hQ+^7U�Q|e
_Y��O � ¥=ª �/´y£'Z �+l:O�e0TPS�_:TP]hQ+^KTpQ½_Y��Oöw¨�+]hNPO�lYUhQ��hOgTPQ��iÐ�Ñ�ÒÓ J
I�^�_Y��O`2��|U�l~U�fgO�_YORl
e0O�S�lYOmU�^ O�^RVm_:��O�fgOmUh^:M�lYORfgORQ�_
L/OmSR]hfgOm^
NPOm^Y^³^:ORQ+^:Tp_:TP�hO½_:]-_Y��O���lYOm^:ORQ|S�O�U�Q|e5�+l:]��|Oml³fg]"e�ORNPTpQ��)]h�
_Y��O'Q�]hQ0�°�/ORl:_:M�lYL+Ux_YTp��O9M�Q+e�ORlYNp�"TPQ���OR��ORQ�_=SR]hQ�_:lYTPL�M0_:TP]hQ|^RJ=��]hl2 ÇLÕ)Ê × À 2 Ç�È$Ê Õ�Â
U��+Uhl _Y]hQ0�D_:]h�D�+U�e0lY]hQ·S�]�l:lYOmS�_:TP]hQ¤��UhS�_:]hl



Ô
� 76498 Ç È'Ê*È À � 76468 Ç È'Ê Ù Â�TP^dUh����NPTpO�e½Ux_KNP]xw �iÐ£Ñ�ÒÓ J×i7��T¡^
�xU�NPTPe+Ux_:O�^y_Y��O�O�¼0�/ORlYTpfgOmQ�_~U�N���l:]0SROme0M�lYOg��]hNPNP]xw�O�eµ_Y]µe0OR_:ORl:�
fgTpQ+OK_Y��OGSRl:]�^:^�^ O�S�_:TP]hQ*U�Q+e³e�ORfg]hQ+^ _:l~Ux_YOm^�U��h]"]0e³SR]hQ�_:lY]hN
]��
_:��O��+U�l:_:]�Q0�D_:]��°�+U�e0l:]�Q�S�]hlYlYOmS�_YTp]�Q���UhS�_:]�lY^�U�����NPTPOme�_Y]K_Y��O
�/´y£'Z��+l:O�e0TPS�_:TP]hQ+^mJ

­ �*�£�� ® d°¯®S± hBiCjk ®S² hriCj;³{´ ±¶µN»Sµ°· ¸ ³¬´ ±,¹+±�· ¸ º�»�¼�½ ³{´ ±,µ�»Sµ�· ¸ ³{´ ±,¹+±�· ¸¾ ¿ ¯ÁÀÃÂSÄÁÅ ¾ «W®�Â ´ ¿ ¯QÀ�ÂSÄ°¸CÅ ­ »E°¶µ¶Æ\«©ÇZÈ�»yÉ0°¶Æ\«¹E¶£Ê�¸�Ë ´ µ�¶t· ¸ ³�Ì · Ë�Í �QÎ Ï���QÎ Ï ¸9Ðzµ Ì
ª µ�· Ë Ì Ë ³�Ì · Ì µ#½ ³�Ì ·�µ#¹\¾¸�Ë`Ê6ÑyË ´ ¸e· ¹\½ ³�Ì · Ì ¶ Í

ª Î ÒQÓ� ª Î ÔQÕ ¸9Ðzµ Ì
ª µ�·�µ#¹E¶ ³�Ì · Ì�Ì ½ ³�Ì ·�µ\µ#½ÑyË`Ê�¾\½ ´ Ëe· ¾+µ ³�Ì · Ì Ë�Í

ª Î Ö ª� ª Î Ö ª ¸9Ðzµ Ì
ª µ�·�µ#½E¶ ³�Ì · Ì�Ì ¹ ³�Ì · Ì�× ¶¾\½`Ê × ¸ ´ µ�·�µ#¾ ³�Ì · Ì µ°Í

ª Î �,Ö� ª Î �¶Ø ¸9Ðzµ Ì
ª µ�·�µ\µ#½ ³�Ì · Ì�Ì ¸ ³�Ì · Ì Ñ�Ñ× ¸`Ê/µ\µ Ì ´ ¹e· Ì ¶ ³�Ì · Ì ¶�Í

ª Î ÓÙÏ� ª Î ÓÙÕ ¸9Ðgµ Ì ��� µ�· Ì�× ¾ ³�Ì · Ì�Ì ¶ ³�Ì · Ì ¸\¸µ\µ Ì ÊÃµ�Ë�Ñ ´ Ëe·�µ#¹ ³�Ì · Ì Ë�Í
ª Î ØQÓ� ª Î ØQØ ¸9Ðgµ Ì ��� µ�· Ì Ñ ×�³�Ì · Ì�Ì ¹ ³�Ì · Ì ¶�Ñµ�Ë�Ñ`ÊÃµ�¶1¸ ´ ¾e· ¾+µ ³�Ì · Ì ¹�Í �QÎ
ª Õ� ª Î ÚQÔ ¸9Ðgµ Ì ��Ø µ�· Ì ¸E¶ ³�Ì · Ì�Ì ½ ³�Ì · Ì ½�Ñµ�¶1¸£ÊÃµ#¸ × ´ ½e· ¶1¹ ³�Ì · Ì Ë�Í
ª Î ÕQÏ� ª Î Õ3� ¸9Ðgµ Ì ��Ø µ�· Ì ¹�Ñ ³�Ì · Ì�Ì ¶ ³�Ì · Ì ½ Ìµ#¸ × ÊÃµ × ¹ ´ µ�· Ë\¾ ³�Ì · Ì µ°Í
ª Î �¶Ò� ª Î �¶Ò ¸9Ðgµ Ì ��Ø µ�· Ì ¶�Ñ ³�Ì · Ì�Ì ½ ³�Ì · Ì Ë\½µ × ¹£Ê9Ë�ËE¶ ´ ¶t· ¸�Ñ ³�Ì · Ì Ë�Í
ª Î ÒÙÕ� ª Î ÏQÔ ¸9Ðgµ Ì ��Ö µ�· Ì ¶1½ ³�Ì · Ì�Ì ½ ³�Ì · Ì µ#¾Ë�ËE¶�Ê9Ë\¹ × ´ µ�· ¸\½ ³�Ì · Ì µ°Í
ª Î Ö ª� ª Î ØQÒ ¸9Ðgµ Ì ��Ö µ�· Ì ½ ×�³�Ì · Ì�Ì ¶ ³�Ì · Ì µ#¹Ë\¹ × Ê9Ë × ¾ ´ ¹e· Ì ¾ ³�Ì · Ì ¸�Í �QÎ
ª Ø� ª Î ÚQÖ ¸9Ðgµ Ì ��Õ µ�· Ì ½E¶ ³�Ì · Ì�Ì ½ ³�Ì · Ì µ ÌË × ¾£Ê�½E¶\¶ ´ µ�· ¹ Ì�³�Ì · Ì ½�Í
ª Î ÖQÏ� ª Î Ö3� ¸9Ðgµ Ì ��Õ µ�· Ì ½ Ì�³�Ì · Ì�Ì ¹ ³�Ì · Ì�Ì ¾½E¶\¶�Ê�½ × ¸ ´ ½e· Ñ Ì�³�Ì ·�µ�¶�Í �QÎ
ª Ò� ª Î ÔQÚ ¸9Ðgµ Ì ��Ó µ�· Ì µ#¸ ³�Ì · Ì�Ì�×�³�Ì · Ì�Ì ¸½ × ¸£Ê�¶1¹�Ñ ´ Ñg· ¹ Ì�³�Ì · ¹\¹ Í Ø°Î ÓQØ��Ø°Î ª � ¸9Ðgµ Ì ��Ï µ�· Ì µ°Ñ ³�Ì · Ì µ#¾ ³�Ì · Ì�Ì�×¶1¹�Ñ`Ê�¹�Ë�Ñ ´ µ�· ½+µ ³�Ì · Ë�Ë�Í
ª Î ÓQÒ� ª Î ÕÁØ ¸9Ðgµ Ì ��Ï µ�· Ì�Ì�×�³�Ì · Ì�Ì ½ ³�Ì · Ì µ ×¹�Ë�Ñ`Ê6Ñ Ì�Ì ´ µ�·�µ�¶ ³�Ì · ¶1½�Í
ª Î ÏQÖ� ª Î ÕÁÒ ¸9Ðgµ Ì ��Ò µ�· Ì µ#¾ ³�Ì · Ì�Ì Ë ³�Ì · Ì µ#¸

u �`Û;� ¤ � ��� R\Z7]�^'S�R\h
abY'cEdb^�]�abe0R¥f�R3X h'aÝÜ´R3S�REY�X�ajZWd�c3S�U+]�]&]�REc3X�abU+Y;Z7]Z"_.^'Y�c3X�abUWY�UW_5T �*�£�� �Þ�&YäZ+h�h$a�X�ajUWY�Z7d5� r �t ß^'Y�cER3S�X#Z7abYiX²��UWYäX�`�Rdb^�[8abY�UW]�a�XN��ab] Y'UWX abY'cEdb^�h'REh)� u `'R�T�Z7S�X�U+Y$¢�X�UW¢£`�ZWh$S�U+Y�cEU7S�S�REc3X�abU+Y_ Z7c3X�UWS�]yß�à »�¼�½ � T �*�£�� �°ß�Z1S�R5ZWT�T'dbajREhgX�U�X�`�R�TV¤2{|}æT$S�R\h'abc3X�abU+Y']E�
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